Endomyocardial fibrosis, first described from Uganda by Davies (1948) , is a disease of the heart characterized by a fibrosis of the endocardium and subendocardial layers of either the left or right ventricle or both. The fibrosis affects mostly the inflow tracts and the apices of the ventricles, and involvement of the papillary muscles may lead to mitral or tricuspid incompetence. The ventricular outflow tracts are unaffected and the aortic and pulmonary valves are normal. Van der Geld et al. (1966) have demonstrated a predisposition to autoimmune reactivity to the heart in endomyocardial fibrosis. Connor et al. (1967 Connor et al. ( , 1968 have recently published a detailed account of the histopathology of endomyocardial fibrosis in Uganda. From a clinical survey of all cardiac diseases, excluding hypertensive heart disease, at Mulago Hospital, Somers and D'Arbela (1964) found the incidence of endomyocardial fibrosis to be approximately 12 per cent.
Over the past three years 28 patients with severe endomyocardial fibrosis of the right ventricle have been investigated here by right heart catheterization. Their clinical features are' described elsewhere (Somers, Brenton, and Sood, 1968) . This present paper records the observations made during catheterization of these patients, and compares the data with those obtained in 11 patients with constrictive pericarditis. The effect of an intravenous administration of a digitalis preparation in 11 patients with right ventricular endomyocardial fibrosis is reported. The results of a similar study have been published by Parry and Abrahams (1963) . Many of their patients had moderate pulmonary hypertension suggesting associated left ventricular endomyocardial fibrosis.
PATIENTS AND METHODS
The diagnosis of right ventricular endomyocardial fibrosis was suspected on clinical grounds in patients who presented with signs of severe right-sided heart failure without symptoms, signs, or radiological evidence of pulmonary congestion or pericardial calcification. Right heart catheterization was performed in these patients via an antecubital or saphenous vein. Pressures were measured using Statham pressure transducers and a 4-channel direct-writing Sanborn recorder. A point midway between the plane of the patient's sternum and the plane of the catheter table was taken as the zero pressure baseline. Cardiac outputs were measured by the direct Fick principle, a Kipp haemoreflector being used to measure the oxygen content of blood samples from the pulmonary artery and either the brachial or femoral artery. Oxygen uptake was measured with a Benedict-Roth spirometer. The diagnosis of right ventricular endomyocardial fibrosis was confirmed in 19 of the 28 patients by cine-angiographic studies, the appearances being typically those described by Cockshott (1965) . In a further 3 patients the diagnosis was confirmed at necropsy. In another 3 patients confirmatory evidence was obtained from the appearances of the heart at thoracotomy which had been undertaken to exclude constrictive pericarditis.
In 11 patients with right ventricular endomyocardial fibrosis either digoxin or acetyl strophanthin was injected through a cardiac catheter into the right atrium. The dose was 1 O-1 5 mg. according to the patient's size, diluted in 10 ml. of normal saline. With digoxin serial measurements of right atrial pressure and heart rate were made for 45 minutes and with acetyl strophanthin for 55 minutes. At the time of study 6 of the 11 patients were in regular rhythm and atrial fibrillation was present in the other 5. In some patients the cardiac output was Table I presents the range of values obtained in these patients and their averages, and contrasts them with similar data from 10 patients with constrictive pericarditis in sinus rhythm. The comparison is further presented in diagrammatic form in Fig. 1 . Since tricuspid incompetence is probably the rule in severe right ventricular endomyocardial fibrosis, a dominant v wave might have been expected in all these patients. However, of the 20 patients in sinus rhythm, only 7 had a v wave bigger than the a wave (see Fig. 2 , 3, and 4). Patients with endomyocardial fibrosis and atrial fibrillation tended to have higher right atrial pressures than those in sinus rhythm ( Table I ). The configurations of the right atrial tracings in patients with endomyocardial fibrosis and constrictive pericarditis were very similar. No patient with constrictive pericarditis had a v wave taller than the a wave. In both conditions the y descent is often the most obvious wave in the jugular venous pulse and its size and steepness is evident in the atrial pressure tracings (Fig. 2, 4 , and 5). Right atrial pressure changes during inspiration and expiration were measured in some patients. Only rough comparisons were possible between patients with endomyo-3 cardial fibrosis and those with constrictive pericarditis, because there was no standardization between patients of the depth and duration of inspiration and expiration. A rise of right atrial pressure during inspiration occurred in 7 out of 9 patients with constrictive pericarditis and a fall in the other 2. In 6 out of 15 patients with endomyocardial fibrosis, the right atrial pressure was either unchanged or increased during inspiration but it fell in the other 9.
Right Ventricular Pressures. Table II illustrates the range of values and the average values for the ventricular pressures in 27 patients with endomyocardial fibrosis and the 11 patients with constrictive pericarditis. The typical dip-and-plateau form of the right ventricular pressure tracing in endomyocardial fibrosis has been illustrated and described by others (Shillingford and Somers, 1961; Parry and Abrahams, 1963 shown in Fig. 1 , 5, and 6. From the nadir of the rate (Fig. 6 patients with severe endomyocardial fibrosis of the right ventricle the rise of pressure during ventricular systole is very small and sometimes is less than that due to atrial contraction. Fig. 3 and 4 are recordings from 2 patients in whom peak right ventricular pressures were reached not in ventricular systole but during atrial systole. In 10 of the 28 patients the peak ventricular systolic pressure was equal to the height of the atrial v wave so that there was presumably gross tricuspid incompetence in these patients. In 7 other patients the ventricular systolic pressure exceeded the atrial by 5 mm. Hg or less.
The dip-and-plateau form of ventricular tracing also occurs in patients with constrictive pericarditis. Reference to Table II Note: The range of pressures is given in each instance with the average of the range underneath in brackets.
constrictive pericarditis nearly always have a mild or moderate pulmonary hypertension (Fig. 1) which has some diagnostic usefulness. The ratios of the right ventricular systolic pressure to the right ventricular end-diastolic pressure are plotted in Fig. 7 . Only one patient with endomyocardial fibrosis had a ratio greater than 2 0, and only one patient with constrictive pericarditis had a ratio less than 2-0. Low ratios would only be expected in patients with right ventricular endomyocardial fibrosis since involvement of the left ventricle in this disease causes varying degrees of pulmonary hypertension and therefore high ratios. However, a very low ratio seems to favour the diagnosis of right ventricular endomyocardial fibrosis rather than constrictive pericarditis (see discussion).
Pulmonary Pressures and Pulmonary Valve Function. Table III presents the range of pressures and their averages in the 2 groups of patients. Pulmonary artery pressure measurements were made in 26 patients with endomyocardial fibrosis, but satisfactory pulmonary wedge tracings were only obtained in 21 of them. Measurements of these pressures were made in all the 11 patients with constrictive pericarditis. The comparison between the 2 groups of patients is further illustrated in Fig. 1 Tables II and III , and the individual pressure records illustrated in Fig. 3 and 4 .
From Tables II and III Fig. 3 and 4 it can be decided that the pulmonary valve closed normally in these patients as the ventricle relaxed and its pressure fell below the pressure in the pulmonary for only a very brief period, possibly as short as 0 04-0-08 sec., the pulmonary valve opening after this interval during ventricular diastole. Since these pressures were not recorded simultaneously this is an approximate calculation. In another patient (Fig. 8) , the peak pulmonary artery pressure (19 mm. Hg) is reached at a point corresponding to the peak of the R wave in the electrocardiogram. The pressure could not have been rising at this point in the pulmonary artery unless the pulmonary valve had been open in diastole. (Table V) .
The values obtained from cardiac index, stroke, and heart rates were very similar in endomyocardial fibrosis and constrictive pericarditis. Slight arterial desaturation was present in both groups, being a little more marked in endomyocardial fibrosis. Breathing 100 per cent oxygen restored the systemic arterial saturation to normal values in all the patients with endomyocardial fibrosis.
Effects of Digoxin and Acetyl Strophanthin. Eleven patients received one of these two drugs.
The dose of acetyl strophanthin was always 1-5 mg. The dose of digoxin was either 1 -0 or 1 -5 mg., depending on the size of the patient. No-toxic effects were found in any patient after these dos'es apart. from occasional ectopic beats. Six of the I11 patients were in regular rhythm at the time of study.
Atrial fibrillation was present in the other five.
Patients with Atrial Fibrillation.
Six studies were performed in 5 patients (Fig. 9) . Heart rates in these 6 studies ranged from 74 to 140/mmn. before administering digoxin or acetyl strophanthin. The average rate was 106/min. The heart rates, 45-55 minutes after the drugs, ranged from 67 to 10/min., Note: Figures given are the average for each group. Patients were classified as "anaemic" if their haemoglobm values were below 11-0 g./100 ml.
DISCUSSION
The unique haemodynamic features found in patients with endomyocardial fibrosis of the right ventricle are attributed to the unilateral nature of the cardiac constriction. All the patients with endomyocardial fibrosis described here had severe disease of the right ventricle and most of them had little or no constriction ofthe left ventricle. Chronic constrictive pericarditis almost always causes constriction of both ventricles. Goodwin et al. (1961) have classified endomyocardial fibrosis as a constrictive cardiomyopathy and have also included in this group cardiac amyloidosis and scleroderma. None of these latter diseases, however, has been described as affecting only the right ventricle.
A number of patients with endomyocardial fibrosis had a pericardial effusion at the time of cardiac catheterization. In general the haemodynamic findings in patients with and without pericardial effusions were identical. Usually the pericardial effusion seems to cause little cardiac compression in patients with endomyocardial fibrosis though it may occasionally do so, as in Case 1 of Somers et al. (1968) .
The high end-diastolic pressure in the right ventricle in endomyocardial fibrosis is consequent upon the low compliance of the chamber. This results in relatively large increases in pressure in early diastole following the dip, and the prominence of the atrial a wave in the ventricular pressure tracing. Right atrial enlargement is usual in right ventricular endomyocardial fibrosis but varied in degree among the patients reported here, and was not always obvious on the chest radiograph even when clearly demonstrable by angiocardiography. Associated P wave abnormalities occurred in half the patients in sinus rhythm, the abnormality being a wide bifid P wave (P mitrale) in most patients, but a typical P pulmonale was seen in 3 of them. Atrial fibrillation seemed to be associated with the presence of either a giant right atrium or a pericardial effusion, as it was present in half of the 16 patients with these features but absent in the other 12 patients with endomyocardial fibrosis without these features.
Tricuspid incompetence was probably present in all of the 28 patients with endomyocardial fibrosis. At necropsy severe degrees of right ventricular endomyocardial fibrosis are always associated with involvement of the papillary muscles and chordae by the fibrotic process and with a wide atrioventricular valve ring. Classical clinical features suggestive of tricuspid incompetence, such as a systolic venous wave in the neck, hepatic pulsation, or systolic murmur were found in only about onethird of the patients. The right atrial pressure tracing may suggest the presence of tricuspid incompetence if there is a curtailed x descent and a dominant v wave, but these features were present in less than half of the patients in sinus rhythm.
Cine-angiography has shown tricuspid incompetence in patients with endomyocardial fibrosis having a dominant a wave in the right atrial trace.
As the end-diastolic pressure in the right ventricle rises it approaches the pulmonary artery diastolic pressure in value and may exceed it. Under these circumstances it is probable that the pulmonary valve opens at the time of atrial contraction or even before. How much blood flows into the pulmonary artery during diastole cannot be determined simply from a study of pressure tracings, but it is possible that in the most severe cases the pulmonary artery is almost continuously perfused with blood from the high diastolic pressures in the ventricle. From the appearances of a typical right ventricular pressure tracing it appears that ventricular contraction is very weak because systole produces such a relatively small rise of pressure. However, the steep pressure rise which takes place in early systole in the normal heart occurs in the isometric phase when both tricuspid and pulmonary valves are shut. In severe endomyocardial fibrosis of the right ventricle, the tricuspid valve is incompetent and the pulmonary valve may open in late diastole. There is then no isometric phase of ventricular contraction as such, so that a steep rise of ventricular pressure in systole would not occur. This might explain why an apparently vigorous pulsation of the infundibulum of the right ventricle seen on cineangiography is accompanied by such a poor systolic wave in the ventricular pressure tracing.
Although the numbers of patients with endomyocardial fibrosis and constrictive pericarditis in this study are small, the two groups seem worthy of comparison. They showed similar degrees of right ventricular constriction as judged by the values for the end-diastolic pressures which were almost the same in both groups. Values for the cardiac index, stroke index, and heart rate were similar in the two groups and restriction of filling of the right ventricle alone in endomyocardial fibrosis is just as effective in limiting cardiac output as restriction of both ventricles by pericardial disease. However, the cardiac output is probably not fixed since it appears to rise in compensation for an anaemia and has been reported to rise when patients with endomyocardial fibrosis do exercise (Parry and Abrahams, 1963) . Constriction of both ventricles by pericardial disease, however, raises the pressure in the pulmonary circulation, whereas they are normal in pure right ventricular endomyocaridal fibrosis. If both left and right ventricles are involved in endomyocardial fibrosis, then the pressure tracings may be identical to those obtained in constrictive pericarditis. However, at least some of the patients with left ventricular endomyocardial fibrosis develop severe pulmonary hypertension (Abrahams and Brigden, 1961; Shillingford and Somers, 1961) which is not a feature of constrictive pericarditis. Early diastolic pressures in the right ventricle tend to be higher in endomyocardial fibrosis than in constrictive pericarditis. This probably indicates a more rigid and less distensible state of the ventricle in the former condition in which increase in volume in early distole is severely limited. A value of less than 2-0 for the ratio of the systolic to end-diastolic pressure in the right ventricle was found in only one of the patients with constrictive pericarditis. A review of other published data in this condition indicates that a ratio below 2-0 may occur (Wilson et al., 1954; Wood, 1961) , but a ratio below 1-6 would be strongly in favour of a diagnosis of endomyocardial fibrosis. A dominant v wave in the right atrial trace is also helpful in excluding constrictive pericarditis, for though v may equal a in this condition it never exceeded it in our patients. This has also been the experience of others. The point is valueless in atrial fibrillation where there is no a wave to compare with the v wave. The angiographic appearances of severe right ventricular endomyocardial fibrosis described by Cockshott (1965) are distinctive and valuable in making this diagnosis certain.
Neither digoxin nor acetyl strophanthin seemed to have much effect in the patients with endomyocardial fibrosis in sinus rhythm. The most constant effect of intravenous digitalis preparations in patients with cardiac failure is a fall of right atrial pressure starting within about 10 minutes of administering the drug. Slowing of the heart rate and increased cardiac output may also be demonstrable (McMichael and Sharpey-Schafer, 1944) . A fall of right atrial pressure greater than 3 mm. Hg did not occur in any of the 11 patients with endomyocardial fibrosis studied. The number of studies was few, but they confirm a clinical impression that digitalis preparations have little therapeutic value in this group of patients. Parry and Abrahams (1963) also administered digoxin to their patients during catheter studies and found little therapeutic response, but did not state whether or not they were in sinus rhythm. Slowing of the heart rate was observed in patients with endomyocardial fibrosis and atrial fibrillation after giving digoxin or acetyl strophanthin, but was not accompanied by a fall in right atrial pressure in our studies.
SuMMARY
The results of cardiac catheterization in 28 patients with severe endomyocardial fibrosis of the right ventricle are described. The reduced compliance of the right ventricle results in a high enddiastolic pressure in this chamber and an increase in the right atrial pressure. The a and v waves of the right atrial trace are approximately equal in size in most patients, but either the a or the v wave may be the larger of the two. The y descent is always steep. In the absence of left ventricular endomyocardial fibrosis the pulmonary pressures are normal. Cardiac output and stroke volume are usually low in these patients. Patients with constrictive pericarditis have very similar right atrial pressure curves, but there is usually a greater rise of pressure during right ventricular systole and mild to moderate pulmonary hypertension. Digitalis preparations caused slowing of the heart rate in patients with endomyocardial fibrosis and atrial fibrillation, but this was not accompanied by any significant fall of right atrial pressure.
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